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FOREWORD 
This report is submitted to the National Aeronautics and Space Administration, 
Lewis Research Center, by the Lockheed-Georgia Company in accordance 
with the requirements of Article XXI, NASA Contract NAS 3-10298. 
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SUMMARY 
This report describes the results obtained in an experimental study of the effects 
of irradiation on the tensi Ie properties of Type A-286 stainless steel, AMS 5735, 
at cryogenic temperatures. Test specimens were exposed to fluences of 6 x 1017 
n/cm2 and 9 x 10 17 n/cm2 , with neutron energies greater than 0.5 MeV (80 
femtojoules), at 17°K (30 0 R). Sets of specimens were irradiated continuously to the 
desired fluence; other sets were irradiated in increments of 3 x 1017 n/cm2 , with 
interim warming to 300 0 K (540 0 R), until the desired fluence was attained. The 
interim temperature was maintained for one hour (3.6 x 103 sec) between incremental 
irradiations. The specimens were tested in tension at 17°K (30 0 R) following the 
above environmental exposures. Other specimens were tested at 17°K (30 0 R) after 
irradiation to 3 x 10 17 n/cm2 followed by a post-irradiation annealing period of 
one hour (3.6 x 103 sec) at 300 0 K (540 0 R). Additional unirradiated control specimens 
were tested after being subjected to the thermal cycling received by the specimens 
wh i ch received interrupted irradiations. 
The sample lots tested after continuous irradiation exposure showed no effect of 
irradiation on the ultimate tensile strength reliably discernable within the 
sensitivity of the test procedures. A small increase in the tensile 
yield strength was observed with increasing fluences; no such effect had been 
observed after exposure to 1 x 10 17 n/cm2 at 17°K (30 0 R) in an earlier program. 
The effect of total irradiation fluence on the tensile yield strength appeared to be 
independent of interim warming during interrupted irradiations at the 95% confidence 
level (probability of obtaining a value equal to ~ the desired significance ratio 
is 0.05). 
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2 INTRODUCTION 
The need for engineering evaluation of the combined neutron-irradiation 
cryogenic effects on structural materials has long been recognized by people 
responsible for advanced design in the aerospace program. Both low 
temperature environments and neutron bombardment produce embrittlement 
in many metals and alloys. Defects introduced by neutron irradiation are 
mobile even at the boiling point of liquid-hydrogen (20.5 degrees Kelvin, 36°R). 
Tests must, therefore, be conducted with the specimens held at the 
temperatures of interest during the entire irradiation and testing period, 
including thermal cycl ing to simulate environmental conditions anticipated 
in the structura I members of a nuc lear rocket. 
In an earl ier test program, authorized by Contract NASw-1l4 (ref. 1), 
Lockheed investigated the effect of fast neutron fluences of 1017 n/cm2 
(E) 0.5 Me V or 80 femtojoules) at 17°K (30 0 R) on the mechanical properties of a 
group of 33 structural alloys, including Type A-286 stainless steel. No 
statistically significant (at the 900ft confidence level) adverse cryogenic or 
irradiation effects were observed in A-286 stainless steel in this program (ref. 1), 
and th is alloy appeared suitable for further investigation as a possible material 
for nuc lear rocket structures. 
In deep space use the nuclear engine may shut down and re-start during 
flight. Therefore, it was deemed advisable to investigate the effects of 
interrupted cryogenic irrad iation with interim warming to room temperature 
on Type A-286 stainless steel. The series of tests shown in Table I, authorized 
by Contract NAS 3-10298, were performed by Lockheed at the NASA PI um 
Brook Reactor Facil ity, to study these effects. A sample lot of three specimens 
was tested in tension after exposure to each of the environmental conditions 
shown in Table I. 
The test results are reported and discussed in the following sections of this --
report. 
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3 TEST MATERIAL 
The material under investigation in this test program was Type A-286 stainless 
steel. This material is a precipitation hardening austenitic steel sometimes 
classified as an iron-base superalloy. It is an excellent high-temperature alloy, 
with excellent resistance to corrosion in a II atmospheres encountered in jet 
engine service at temperatures up to about 1300°F (980 0 K) coupled with good 
mechanical properties in the same temperature range (ref. 2). Type A-286 stainless 
steel has also shown good cryogenic properties in low temperature testing at various 
laboratories (ref. 3) . Tests conducted at the Plum Brook Reactor Facility by 
Lockheed, in an earlier program showed no adverse effects due to irradiation to 
10 17 n/cm2 at 17°K (30 0 R) (ref. 1) . 
A rather complex metallurgica I structure is required to obtain the combination 
of desirable engineering properties mentioned above. The structure of A-286 
stainless steelc;:onsists of a meta-stable austeniti~ matrix containing sub-microscopic 
precipitates of various intermetall ic compounds produced by interaction 
between major and minor alloy constituents; these precipitates may have 
rather simple structures, such as Ni4Mo or may be more complex as 
(xFe, yCr)2 Ti • Additional precipitate formation occurs through interaction 
of intentional alloy constituents with trace impurities. These also can be 
simple in form as Cr4Sn or more complex, (xCr, yFe)23 C6 . The variety 
of combined forms which may possibly occur in an alloy of many diverse 
constituents is large and unpredictable. Therefore, this material is better 
suited for studies of engineering properties than for fundamental investigations 
for the formulation of theoretical models. 
To avoid the introduction of an uncontrolled variable into the test program, all 
the test specimens were fabricated from a common lot of material; the same lot 
was used in the earlier program reported in reference 1. The material was melted 
by the Carpenter Steel Company using vacuum-consumable electrode techniques. 
The stee l was cast into 20 inch (50.8 cm) square ingots and air cooled. The ingot 
was rolled to approximate size and heat treated as follows: 
Hold at 1800°F (1253°K) for one hour 
Quench in water 
Hoi d at 1325 of (993°K) for 16 hours 
Cool in sti II air. 
This hea t treatment conforms to the requirements of section 6. 1. 1 of AMS 5735 
(ref. 4) and produces a Rockwell hardness of Rc 30-35. 
The heat treated bars were centerless ground to a 0.50 inch (1.27 cm) diameter. 
The chemical composition of this lot of material is shown in Table II. 
5 
Page IntentionallY Left Blank 
I 
I 
I I 
I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
4 TEST SPECIMENS 
Due to space limitations in the irradiation access port (HB-2) and refrigeration 
capacity limitations, the specimen used was a miniaturization of the standard 
round specimen of ASTM E 8-66 (ref. 5), with a nominal gage diameter of 
0.125 inch (0.318 cm) and a nominal gage length of 0.5 inch (1.27 cm). 
The tensile specimen used is shown in Figure 1. The ratios of the significant 
parameters are the same as for the standard ASTM specimen. 
5 TEST EQUIPMENT AND PROCEDURES 
The test procedures followed during this program were conducted, as nearly 
as feasible, in accordance with the provisions of The American Society of 
Testing and Materials Specifications ASTM E 184-62 and E 8-66 (ref. 5). 
5.1 IRRADIATION TEST LOOP 
All testing was performed at the NASA Plum Brook Reactor Facility using the 
horizontal beam port on the north face of the reactor core, designated as HB-2, 
as the irradiation facil ity. The testing machines are contained in cryogenic 
test loops capable of insertion into the 6" (15.24 cm) diameter beam port. 
Transfer tables provide the capabil ity of insertion and withdrawal of the loops 
from HB-2 and provide rotation to permit positioning the loops in a radially 
aligned hot cave for specimen change. Specimen temperature control is main-
tained with an 1150 watt refrigerator using hel ium as the cryogenic fluid. 
Detai led descriptions of the test hardware may be found in references 1 and 
6. The test loop is shown in Figure 2. The load control system, shown 
schematically in Figure 3, perm its axial loading of the specimen in tension 
or compression with appl ied forces up to 5000 I bs (22,240 newtons). 
7 
The temperature of the test specimen was controlled by platinum resistance 
sensors located in the inlet and outlet refrigerant lines. The validity of this 
method of control had been verified in an earl ier program by comparison of 
the readings of these sensors with especially calibrated thermocouples affixed 
to a test specimen held in the specimen location of the test loop at all 
temperatures of interest, both in-pile and out-of-pile (refs. 1 and 6). 
Control of the irradiation fluence was based on calculations made from the 
reactor power level and the control rod bank height. This method was 
established by threshold foil measurements mode during the earlier programs 
and is described in detail in references 1 and 6. The resulting curve is shown 
in Figure 2. 
5.2 TENSILE TESTING PROCEDURES 
Tensile test methods conformed as nearly as possible to ASTM E 8-66 (ref. 5). 
The load rate was monitored, during elastic behavior of the specimen, by 
controlling the incremental strain at less than 0.0015 in/in/min (2.5 x 1O-5/sec). 
The load was monitored with a proving ring type dynamometer calibrated to within 
two percent of a National Bureau of Standards certified reed type proving ring. 
The extensometers were verified and classified in accordance with ASTM Specifica-
tion E-83 (ref. 5) using a Tuckerman optical strain gage as a primary standard. The 
error in indicated strain was less than 0.0001. Thus the extensometer met the 
requirements for an ASTM Classification of B-1, suitable for determination of 
modulus values as well as yield strengths. However, this classification was obtained 
in a standards laboratory using precision techniques and this degree of accuracy 
could not be expected following installation by remote means. As the extensometers 
were actually used, an ASTM Classification of B-2, suitable for determination of 
yield strengths, but not of moduli, was probably a more realistic appraisal. Therefore, 
the modulus values included in this report should not be considered as absolute values. 
The principal departure from the ASTM testing procedures is in specimen geometry, 
discussed in section 4. 
Ductility parameters, elongation in four diameters and reduction of area, were 
obtained by post-testing measurements of fai led specimens in accordance with 
paragraphs 26 and 27 of ASTM E 8-66 (ref. 5). 
The tensile yield strength, Fty ' was obtained by the 0.2% offset method. 
The fracture stress was obtained by dividing the load at fracture by the cross-
sectional area of the failed specimen at the point of fracture. The data required 
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for correcting this stress for the tri-axial state of stress during plastic instability 
are not available; therefore, this parameter as reported is of questionable 
reliability (ref. 7, p 246). 
The accuracy and calibration of the test system are discussed in references 1 and 6. 
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6 TEST RESULTS 
The results obtained during this test program, together with control data obtained 
in an earlier program (ref. 1), are given in Table III. Certain significant test 
parameters are plotted in Figure 4 for ease of comparison. A statistical analysis 
of the effects of test environment in the Ftu and Ftv values is given in Appendix A. 
The basic purpose of this investigation, as stated in the introduction, was to 
observe the effects of interrupted cryogenic irradiation with interim warming 
periods to simulate the effects of cyclic start-up and shut-down of a nuclear 
rocket during a space mission. To permit assessment of these effects, a number 
of control specimens were tested. The entire program, for the basis of discussion, 
can reasonably be divided into three basic investigations: 
6. 1 
The investigation of the effects of cryogenic thermal 
cycling on un irradiated Type A-286 stainless steel; 
The investigation of the effects of cryogenic 
irradiation at several uninterrupted fluence 
levels on Type A-286 stainlt::ss steel; 
The investigation of the effects of interrupted cryogenic 
irradiation, with interim warm-ups, at several total 
fluence levels on Type A-286 stainless steel. 
EFFECTS OF CRYOGENIC THERMAL CYCLING ON UNIRRADIATED 
TYPE A-286 STAINLESS STEEL 
Austenitic and semi-austenitic steels consist, at least in a large degree, of a 
face centered cubic iron crystal lattice which is meta-stable at room temperature. 
In other words, the M {or temperature where the austenitic-martensitic transition 
begins} is only slightly above, or is actually below, room temperature. Sub-zero 
cooling may cause this transformation to occur, with large increases in strength 
parameters and reductions of ductility. Indeed, some semi-austenitic steels such 
as Type AM-350 stainless steel, have sub-zero exposures specified as part of 
the hardening cycle. 
11 
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An evaluation of the effects of cryogenic cycling on unirradiated Type A-286 
stainless steel, therefore, is a necessary control datum for evaluation of 
cryogenic irradiation effects. 
Comparis on of the data obtained from unirradiated specimens tested at 300 0 K (540 0 R) 
with that for unirradiated specimens tested at 17°K (30 0 R) (Table III) shows the 
expected, and frequently reported (ref. 3), cryogenic strengthening of this material. 
Comparison of the data obtained at 17°K (30 0 R), with no warming cycle, with one 
warming cycle to 300 0 K (540 0 R), and with two warming cycles to 300 0 K (540 0 R) 
(Table III) shows no significant variations in the mechanical properties attributable to 
martensitic transformation. The apparent slight increase in the Ftyfor the specimen 
tested following one thermal cycle is a result of coincidental grouping of random 
scatter in a small sample lot. Isothermal phase transformations may occur in 
only one direction in passing through a critical temperature in a given direction; 
the second thermo I cyc lei n the subsequent group cou I d not reverse any rea I 
thermal cycling effect observed after one cycle. Also, the ppparent net 
differences in Fty among the three groups are much too small to represent a 
change in mechanical properties resultant from an austenitic-martensitic 
transformation. 
The three cases tested at 17°K (30 0 R) without irradiation might be considered 
common data point with a mean F2¥ of 151.1 Ksi (104.2 kN/cm2) and a standard 
deviationof3.3Ksi (2.3kN/cm). 
6.2 EFFECT OF UNINTERRUPTED IRRADIATION AT 17°K (30 0 R) ON A-286 
STAINLESS STEEL 
Specimen lots were irradiated to 6 x 1017 n/cm2 and 9 x 1017 n/cm2 at 17°K 
(30 0 R) and tested at 17°K (30 0 R) with no interim warming for comparison with 
data obtained at 17°K (30 0 R), unirradiated and at 17°K (30 0 R) following 
irradiation to 1017 n/cm2 at 17°K (30 0 R) in an earlier program (ref. 1). 
The data generated in the earlier program (ref. 1) showed no significant effects 
induced by irr_adiation at 17°K (30 0 R) to .the level of 1017 n/cm2 . The apparent 
Q'3crease in the value of. the reduction of area after irradiation is not real; as 
geometrical con~iderations require that the reduction of area must be greater than 
the elongation. 
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Examination of Figure 4 shows that the mean values from all Ftu data points fall 
within the range of values for the specimen lot tested at 17°K (300R) without 
irradiation; no rad iation effect is observable on the Ftu either for continuous 
or interrupted irrad iation exposures. 
6 .3 EFFECT OF INTERRUPTED CRYOGENIC IRRADIATION WITH INTERIM 
WARMING 
The mean values for the Fty increase as a function of total fluence, as indicated 
by the dashed line connecting these values. There is no overlap in the range of 
values for the sample lot tested after continuous irradiation to 9 x 1017 n/ cm2 
and that tested following three incremental irradiations of 3 x 1017 n/ cm2 . 
However, the difference between these lots is not statistically significant at 
the 900k confidence level; if a difference actually exists it is too small for 
rei iable determination using these experimental techniques. 
A slight residual effect of irradiation to 3 x 1017 n/ cm2 at 17°K (300R) is 
observable on the tensile yield strength of specimens tested at 17°K (30 0R) 
following a post-irradiation anneal at 300 0 K (540 0R). 
Tests werT not performed on specimens tested at 17°K (30 0 R) after exposures 
of 3 x 10 7 n/ cm2 at 17°K (300R) without annealing. 
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7 SUMMARY OF 'RESULTS 
The following conclusions may be drawn from the data contained in this report: 
1. There is no effect discernable, at the 90% confidence 
level, of interim warmings in interrupted irradiations 
2. 
3. 
4. 
5. 
on the absolute change in the tensile test earameter values 
after a constant total' fluence -up fo 9 x 1017 n/cm2 (E)0.5MeV). 
Th is -does not prec-I ude the-pos-s ibi I ity of such effects becom ing 
evident after greater numbers of incremental exposures with 
interim warming nor of the presence of some effects on 
properties not determined by tensile testing. 
There is no discernable effect of cryogenic cycling 
on the tensile properties of unirradiated Type A-286 
stainless steel which might occur through austenitic-
martensiti c transformation at low temperatures. 
There is no discernable effect of cryogenic-irradiation 
at 17°K (30 0 R) on the ultimate tensi Ie strength or the 
ductil ity parameters of Type A-286 stainless steel at the 
fluence levels investigated (up to 9 x 1017 n/cm2). 
There is a slight but discernable effect on the tensile 
yield strength from crX1enic-irradiation at 17°K (30 0 R) 
at a fluence of 6 x 101 n/cm2 , increasing at a fluence 
of 9 x 1017 n/cm2• This effect is not discernable after 
exposure to a total integrated flux of only 1 x 10 17 n/cm2 
at 17°K (30 0 R). 
A slight residual effect of irradiation to 3 x 1017 n/cm2 
at 17°K (30 0 R) is observable on the tensi Ie yield strength 
of specimens tested at 17°K (30 0 R) following a post-
irradiation anneal at 300 0 K (540 0 R). 
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TABLE I SCOPE OF TEST PRO GRAM 
Test Class Lyc II c T est Conditions 
see Irradiate Interim Irradiate Interim 
Appendix A at 17°K Temp, 1 hr ~t 17°K Temp, 1 hr 
xlO-17 n/cm2 oK x 10- 7 n/cm2 oK 
A unirradiated - - -
* 
B unirradiated 300 unirradiated 300 
** ** 
C un irrad iated - - -
* ** 
D unirradiated 300 un irrad iated -
** ** 
E un irrad iated 300 un irradiated 300 
** ** 
F 1 - - -
* 
G 6 - - -
H 9 - - -
I 3 300 - -
J 3 300 3 -
K 3 300 3 300 
* Data obtai~ed in earl ier test program (ref. 1) 
** Specimen stabilized at 17°K out-of-pile 
21 
Irradiate Test 
717 °K Temp 1O-~ / 2 oK x n cm 
- 300 
- 300 
- 17 
- 17 
- 17 
- 17 
- 17 
- 17 
- 17 
- 17 
3 17 
TABLE II 
Element 
Carbon 
Manganese 
S1l1con 
Phosphorus 
Sulphur 
Chromium 
Nickel 
Vanadium 
Molybdenum 
Titanium 
Aluminum 
Copper 
Boron 
Tin 
Lead 
Silver 
Nitrogen 
Iron 
CHEMICAL COMPOSITION OF TEST MATERIAL, 
A-286 STAINLESS STEEL 
Vendor Laboratories Independent Limits 
A B C Laboratory Low High 
0.046 0.047 0.049 0.03 - 0.08 
1.71 1. 70 1.71 1. 70 1. 00 2.00 
0.82 0.82 0.83 0.69 0.40 1. 00 
0.017 0.017 0.017 0.009 - 0.040 
0.003 0.003 0.003 0.008 - 0.030 
14.52 14.52 14.52 14.47 13.50 16.00 
25.95 25.90 26.00 25.45 24.00 27.00 
0.27 0.26 0.26 0.10 0.50 
1. 22 1. 24 1. 20 1. 38 1. 00 1. 50 
2.26 2.27 2.27 2.24 1. 90 2.30 
0.15 0.15 0.15 0.12 - 0.35 
0.12 0.12 0.12 0.14 
0.0052 0.0049 0.0055 0.0054 0.0010 0.010 
0.006 0.006 0.006 
0.002 0.002 0.002 
<0.001 <0.001 <0.001 
0.005 0.005 0.004 0.010 
emain~er ( by differel ce) 
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TABLE III TH E EFFECT OF IRRAD IATION LEVEL AT lJOK, POST-IRRADIATION ANNEALING, AND INTERRUPTED IRRADIATION ON A-286 STAIN LESS STEEL 
Irradiation Interim Test 
Specimen at 17 oK Temp. Temp. Ftu Fty 
n/cm2 oK oK Ksi (kN/cm 2) Ksi 
Range of 5(a) None --- 300 153-158 (105- 109) 110-116 
Mean of 5(0) 156.0 (107.6) 112 .2 
6 Co 30 ~one 300 ;~~J 156 (108) 113 6 Ca 58 None 300 161 (11 1) 112 
6 Ca 61 162 (1 11 ) 11 7 
Mean* 159 .4 (109 .9) 113.9 
Ra nge of 5.\a} None --- 17 230- 248 (159-171 ) 148-1 52 
Mea n of 5(a) 235.0 (162.0) 149.6 
6 Ca 68 [None 300 17 ] 246 (169) 158 
6 Ca 69 242 (170) 154 
6 Ca 7 1 237 (163) 154 
Mean* 24 1.5 (166.5) 155.3 
6 Ca 63 ~one 300 ~;-J 234 (161) 151 6 Ca 64 None 300 236 (163) 151 
6 Ca 77 23 1 (159) 146 
Mean* 233.8 (161 .2) 149 .6 
Range of 3\a) 1 x 1017 --- 17 228- 230 (157-1 59) 149- 157 
Mean of 3(a) 229.0 (157 .9) 152.0 
6 Ca 60 6 x 1017 --- 17 238 (164) 165 
6 Ca 75 247 (171 ) 176 
6 Ca 90 247 (17 1) 163 
Mean' 244. 1 (168 .3) 168.0 
6 Ca 11 9 x 1017 --- 17 247 (170) 180 
6 Co 56 248 (171) 178 
6 Ca 70 240 (165) 175 
Mean* 244.8 (168.8) 178.0 
6 Co 62 [3 x 1017 300 17 ] 238 (164) 160 
6 Co 80 245 (169) 160 
6 Co 91 241 (166) 158 
Mean* 241. 2 (166.3) 159.6 
6 Ca 76 ~ x 1017 300 ~;-J 240 (165) 164 6 Ca 93 3 x 1017 --- 243 (168) 167 
6 Ca 94 243 (168) 163 
Mean ' 241 .9 (166.8) 165 .0 
6 Co 86 ~ x 1017 300 
---] 245 (169) 174 6 Co 87 3 x 1017 300 - - - 252 (174) 174 
6 Ca 89 3 x 1017 --- 17 242 (167 ) 167 
Mean ' 246.3 (169.8) 171. 5 
(a) om I able Il L7, ref. 1 . (b) Not Recorded 
These data are questionable in light of elongation data. 
Elongation in 
Ft/ Ftu 0.5 in (4D) 
(kN/ cm 2) ok 
(7.5.8-80.0) 0.70-0.74 25-27 
(77 .36) 0.720 26.3 
(77. 8) 0.72 26 
(76.9) 0.69 26 
(80.9) 0.73 26 
(78.51 ) 0.713 26.0 
(102- 105) 0.61-0.65 32-36 
(103.2) 0.636 34.5 
(109) 0.64 36 
(106 ) 0.64 36 
(106) 0.65 34 
(107 .1) 0.643 35.3 
(104) 0 .65 36 
(104) 0.64 35 
(101) 0.63 35 
(103 . 1) 0.640 35.3 
(103- 108) 0.65- 0 .68 33- 34 
(104 .8) 0.663 33 .5 
(11 3) 0.69 33 
(122) 0.71 36 
(11 3) 0.67 35 
(11 5.9) 0.690 34 .7 
(124) 0 .73 27 
(123) 0 .72 35 
(121 ) 0.73 33 
(122.7) 0.727 31.7 
(1 11) 0.67 34 
(11 1) 0 .66 34 
(109) 0.66 34 
(11 0.1) 0 .663 34.0 
(11 3) 0 .69 33 
(115) 0. 69 34 
(1 13 ) 0.67 34 
(113.8) 0.683 33 .7 
(120) 0.71 32 
(120) 0.69 32 
(1 15) 0.69 32 
(118.2) 0.697 32.0 
For Comparison Purposes Only 
I Thermal Cycle - See Tabl e I] 
Reduction 
of Area 
% 
49-55 
51.0 
51 
50 
51 
50.7 
42- 51 
46.5 
46 
46 
46 
46.0 
46 
45 
44 
45.0 
14- 18 
16.0** 
46 
48 
46 
46.7 
36 
47 
46 
43.0 
46 
46 
46 
46.0 
46 
45 
46 
45.7 
46 
45 
49 
46.7 
Fracture Stress Modulus E (N) 
Ksi (kN/cm2) 103 Ksi (MN/c",z) 
(b) --- 28-31 (19- 22) 
--- - -- 30 (21) 
250 (172) 29 (20) 
263 (181) 32 (22) 
268 (185) 29 (20) 
260 .3 (179.5) 30 (2 1 ) 
(b) --- 26- 37 (18 - 26) 
--- --- 31 (22) 
438 (302) 20 (14) 
435 (300) 20 (14) 
435 (300) 17 (12) 
43 6 .0 (300.6) 19 (13) 
416 (287) 30 (21) 
43 1 (297) 34 (23) 
41 5 (286) 30 (2 1) 
420.7 (290. 1 ) 31 (21) 
(b) --- 31-37 (22-26 ) 
--- --- 32 (22) 
430 (296) 36 (25) 
447 (308) 33 (23) 
451 (3 11 ) 30 (21) 
442.7 (305.21 33 (23) 
388 (268) 35 (24) 
447 (308) 29 (20) 
433 (299) 32 (22) 
422.7 (291 .4) 32 (22) 
424 (292) 32 (22) 
430 (296) 33 (23) 
428 (295) 32 (22) 
427.3 (294 .6) 32 (22) 
416 (287) 34 (23) 
435 (300) 3 1 (21 ) 
435 (300) 31 (21) 
428 .7 (295.6) 32 (22) 
443 (305) 33 (23) 
454 (3 13) 39 (27) 
471 (325) 32 (22) 
456.0 (314.4) 35 (24) 
Calculated before rounding - off 
individual values 
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FIGURE 4 
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EFFECTS OF IRRADIA nON AND TESTIN GAT 17°K ON 
THE STRENGTH VALUES OF A-286 STAINLESS STEEL, 
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300 0 K AFTER INCREMENTS OF 3 x 1017 n/ cm2 (E)0.5 MeV) 
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APPENDIX A 
SIGNIFICANCE OF THE DIFFERENCE BETWEEN TWO SAMPLE MEANS 
To determine if the difference between the means of two groups of samples is statistically 
significant the null hypothesis, that the two sample means Xl and X2 are from the same 
population with respect to the population mean X, is used. This hypothesis is tested 
p 
by determining the probability of t, where t is the ratio of Xl - X 2 to an estimate of 
the standard error of the difference between the two sample means. 
The standard error of the difference between two sample means, 
=0 1_1 + V N1 
is given by: 
(1 ) 
where 0 is the standard deviation of the population and N 1 and N2 are the number of 
items in sample one and sample two, respectively. 
Since the value of (j is unknown, its value must be estimated from the information 
,.. 
given by the two samples. This estimate is (11 + 2 obtained from: 
L x 12 and 
= 
L x 12 + L x 22 
Nl - 1 + N2 - 1 
L x2 2 can be obtained by: 
I ,2 = I X 2 _ (I X ) 2 
N 
where X is the parameter value of each of the N items in the sample. 
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(2) 
(3) 
Having determined the value of Cf 1 + 2 with equations (3) and (2), an estimate of the 
standard error of the difference between the two means is obtained from: 
(4) 
°x-x = 1 2 
Equation (4) is derived from equation 
Finally the desired significance ratio t is obtained from: 
X1-X2 
t ::: 
°X1- X2 
This value of t and a t-distribution table (available in most statistics textbooks) are used to 
obtain the probability (P) of obtaining a value equal to ± t or more. The significant 
probability used in most cases is 0.05, which represents a confidence level of 95%; in 
a few instances, so identified in Tables A-I, II and III, a significant probability of 0.01 
(confidence level of 99%) was used. A confidence level of 95% means that in only 5% of 
the test cases will the t-test indicate-a significant difference when ~ctually none exists. lhe 
degrees of freedom n in this case is: 
n ::: N 1 - 1 + N2 - 1 
Since one degree of freedom was lost when 
degree of freedom was lost when L x2 2 
LX 12 was computed about 
was computed about X 2. 
X 1 and another 
Tables A-1, A-II, A-III and A-IV present a summary of statistical evaluation of the data 
for the strength function values presented in Table III. The group designation are defined 
as shown in Table I in the body of the text. 
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TABLE A-I 
Statistica I 
Parameters 
ULTIMATE STRENGTH 
0 1+2 
O'Xl- X2 
X1- X 2 
t 
P 
Significant 
atP = .05 
YIELD STRENGTH 
" 0 1+2 
,.. (1- -Xl- X2 
X 1- X 2 
t 
P 
Significant 
at P = .05 
(a) 0 < P < 0.01 
SUMMARY OF STATISTICAL ANALYSES OF SIGNIFICANCE 
OF THE DI FFERENCE BETWEEN GROUP MEAN VALUES OF 
STRENGTH DATA FROM A-286 STAINLESS STEEL, FOR 
EFFECTS OF TEMPERATURE CYCLING WITHOUT 
IRRADIATION 
Groups Compared 
A&B C&D D&E 
2.47 6.94 3.65 
1.80 5.07 2.98 
3.4 6.5 7.7 
1.89 1.28 2.58 
0.10 0.25 0.06 
No No No 
2.48 2.00 2.62 
1.81 1.46 2.14 
1.7 5.7 5.7 
0.94 3.90 2.66 
0.40 (a) 0.06 
No Yes No 
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TABLE A-II SUMMARY OF STATISTICAL ANALYSES OF SIGNIFICANCE I OF THE DIFFERENCE BETWEEN GROUP MEAN VALUES OF 
STRENGTH DATA FROM A-286 STAINLESS STEEL, FOR 
EFFECTS OF IRRADIATION AND TESTING AT 17°K I 
Statistical I Parameters Groups Compared 
ULTIMATE STRENGTH C & F C&G C&H' F&H G& H I ,... 
0;+2 6.45 7.09 6.90 3.16 4.80 
6- - 4.71 5.18 5.04 2.58 3.92 I X l- X2 
- -Xl - X2 6.0 9.1 9.8 16 0.7 I 
t 1.27 1.76 1.94 6.12 0.18 I P 0.25 0.15 0.10 (a) 0.90 
Sign i ficant No No No Yes No I at P = .05 
YIE LD STREN GTH I 
" 
°1+2 2.92 4.31 2.08 3.56 5.26 I '" 
°Xl- X 2 2.13 3.14 1. 51 2.91 4.31 
Xl- X 2 2.4 18 28 26 10 .0 I 
t 1. 13 5.86 18 .8 8.93 2.32 I P 0.30 (a) (a) (a) 0.08 
Significant No Yes Yes Yes No I at P = .05 
(a) 0< P < 0.01 I 
I 
I 
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I TABLE A-III SUMMARY OF STATISTICAL ANALYSES OF SIGNIFICANCE 
I OF THE DIFFERENCE BETWEEN GROUP MEAN VALUES OF STRENGTH DATA FROM A-286 STAINLESS STEEL, FOR EFFECTS OF IRRADIATION AND TEMPERATURE CYCLING 
I Statistical 
I Parameters Groups Compared 
ULTIMATE STRENGTH C & I C & J C&K I&K J & K 
I " 0'1+2 6.74 6.51 7.08 4.40 3.83 
I 0- - 4.92 4.75 5.17 3.57 3 . 11 X 1- X2 X 1- X2 6.2 6.9 11.3 5.1 4.4 
I t 1.26 1 .45 2.19 1.43 1.41 
I P 0.25 0.20 0.20 0.20 0.20 Significant 
atP=.05 No No No No 
No 
I 
YI ELD STREN GTH 
I " 01+2 1.63 1. 91 2.76 2.97 3.22 
" 
I 0- -X1- X 2 1. 19 1.39 2.01 2.41 2.62 
X 1- X 2 10.0 15 22 11.9 6.5 
I t 8.40 11. 1 10.9 4.94 2.48 
I P (a) (a) (a) (a) 0.07 
Significant Yes Yes Yes Yes No 
I at P = .05 
I (a) o < P < 0.01 
I 
I 
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TABLE A-IV 
Statistical 
Parameters 
ULTIMATE STRENGTH 
" o 1+2 
6- -X1- X2 
Xl -X2 
t 
P 
Significant 
atP=.05 
rylELD STREN GTH 
" 
01+2 
" 
°Xl- X 2 
Xl- X2 
t 
P 
Significant 
atP=.05 
SUMMARY OF STATISTICAL ANALYSES OF SIGNIFICANCE 
OF THE DIFFERENCE BETWEEN GROUP MEAN VALUES OF 
STRENGTH DATA FROM A-286 STAINLESS STEEL, FOR 
EFFECTS OF TEMPERATURE CYCLING ONLY, AT TWO 
IRRADIA nONS 
Groups Compared 
G & J H&K 
3.87 4.76 
3.16 3.88 
2.2 1.5 
0.70 0.39 
0.50 0.70 
No No 
5.16 3.37 
4.22 2.76 
3.0 6.5 
0.71 2.36 
0.50 0.08 
No No 
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Abstract 
Type A-286 Stainless Steel (AMS 5735) was tested in tension at 17°K 900R) 
follow ing irradiations of 3 x 1017 n/cm2 , 6 x 1017 n/cm2 and 9 x 101 n/ cm2 . 
Parallel sets of specimens were irradiated continuously, at 17°K (30 0 R)to the 
total fluence and in incremental irradiation doses, at 17°K (300R), of 
3 x 1017 n/cm2 with interim annealing periods of one hour (3.6 x 103 sec) at 
3000K (540 0R). No significant differences were noted in the mechanical 
propert ies measured after a given total fluence between specimens receiving 
continuous irradiations and those receiving incremental irradiations, with . interim 
annea I ing, with in the sensitivi ty of the experimenta I methods used. Yield strength 
values increased sl ightly with higher rad iation levels. 
